Total and monensin-resistant anaerobic bacterial populations and volatile fatty acid concentrations were examined in the rumens of steers fed monensincontaining (33 mg/kg) and unmedicated diets. Total anaerobic counts on a habitatsimulating medium ranged from 7.1 x 108 to 7.1 x 109 CFU/g of rumen ingesta and were not significantly different in animals fed the two diets. The mean percentage of the anaerobic population resistant to monensin (10 ,ug/ml) was significantly greater in animals receiving the monensin-supplemented diet for 33 days than in those receiving the unmedicated diet (63.6 and 32.8%, respectively). Treatment group differences in monensin resistance tended to develop later than characteristic differences in acetate/propionate ratios. Relative proportions of resistant organisms in monensin-fed animals remained significantly greater for at least 18 days after monensin was deleted from the ration, whereas acetate/propionate ratios increased to values comparable to those in the control within 10 days. These data suggest that monensin-resistant bacteria may be present in greater numbers in the rumens of animals fed monensin-supplemented diets. However, greater proportions of monensin-resistant organisms were not necessarily associated with altered fermentation patterns.
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The effects of the polyether antibiotic monensin on animal performance and rumen fermentations have been well documented (7, (12) (13) (14) (15) (16) (17) (18) . It is generally believed that the growth-promoting activity of monensin can be explained in part by altered microbial activity in the rumen. However, there is relatively little information on the effects of monensin and similar growth-promoting ionophores on the composition of the microbial population in the rumen.
Recent in vitro studies of representative rumen isolates have shown that hydrogen-, formate-, acetate-, butyrate-, and lactate-producing bacteria tend to be inhibited by monensin, whereas succinate-and propionate-producing bacteria and lactate-utilizing organisms are resistant to or rapidly develop resistance to monensin (4, 6, 9) . As a result of these studies, Chen and Wolin (4) have suggested a model in which monensin-induced changes in ruminal fermentations can be explained by the selective enrichment of succinate and propionate producers and the inhibition of monensin-sensitive hydrogen, formate, and butyrate producers. Few studies have examined the selection of monensin resistance in microbial populations within the rumen. Studies by Nagaraja and his associates (11) In addition to predicting the selection of monensin-resistant strains in the rumen, the results obtained from the model described here suggest that the selection of resistant strains in the rumen is closely correlated with changes in ruminal fermentations which are characteristically associated with monensin supplementation. In this study we examined the proportions of monensin-resistant bacteria and the fermentation patterns in the rumens of calves fed monensin-containing and unmedicated diets to determine whether the selection of monensinresistant bacteria could account for the changes in ruminal fermentations observed when monensin is included in the diet. and randomly assigned to treatment groups. Three animals were assigned to each of two treatment groups. All animals were fed 3 kg of a basal diet containing 20%o (wt/wt) cottonseed hulls, 11% soybean meal, 68% cracked corn, and 1% trace mineral salts twice daily. Animals in the control group received the unmedicated diet throughout the 141-day study period. Animals in the monensin treatment group received the same unmedicated diet during a 34-day adjustment period and then were adapted over a 24-h period to a diet containing 33 mg of monensin per kg of basal diet. The monensin treatment group received the monensincontaining diet throughout a 33-day treatment period and was returned to an unmedicated diet for a 73-day posttreatment period. The animals were housed in individual concrete,floored pens designed to prevent direct contact among animals.
Sample collection. Rumen fluid samples were collected via cannulae with a 50-ml catheter syringe and a Tygon tube (inside diameter, 5 mm; length, 1 m) attached to a stainless steel suction strainer (1.2-mm hole diameter; Precision Machine Co., Lincoln, Nebr.) 1 to 2 h after the morning feeding. The first two aliquots from each steer were discarded to minimize oxygen exposure in subsequent aliquots. Each sample was a composite of at least four aliquots. The sampling tube was adjusted after the collection of each aliquot to allow for collection at several points within the rumen. Samples were maintained in a 38°C water bath and were transported to the microbiology laboratory in screw-capped bottles which had been filled to capacity. Sample dilutions were prepared in an anaerobic chamber (Coy Laboratory Products, Ann Arbor, Mich.) containing an atmosphere of 10% CO0-5% H2-85% N2. Samples of the rumen fluid (11 ml each) were diluted in 99 ml of anaerobic dilution solution (3) in blender jars. The initial dilution was blended at the maximum speed for 2 min. Serial dilutions were sealed in culture tubes and removed from the chamber to inoculate anaerobic roll tubes. An undiluted aliquot was frozen for subsequent volatile fatty acid (VFA) analysis. pH measurements were made on a second undiluted aliquot. The preparation of samples for microbial and VFA analysis was complete within 15 min after samples were taken from the rumen.
Samples for VFA, pH, and microbial analyses were collected twice during the adjustment period (1 and 3 weeks before treatment) four times during the treatment period (at approximately weekly intervals), and four times during the posttreatment period.
Enumeration of bacteria. All media were prepared and inoculated under a CO2 gas phase by using a modification of the Hungate technique (2) . Total anaerobic populations were enumerated in five replicate roll tubes (18 by 150 mm) containing 7 ml of CCA medium (1) prepared with energy-depleted rumen fluid (5). Monensin-resistant organisms were enumerated on medium prepared by adding 10 p.g of crystalline monensin per ml in a stock solution (10 mg/ml) in denatured ethanol. Each of the five tubes in the replicate set was inoculated with 0.1 ml of the appropriate dilution of rumen contents. CFU were counted after 5 days of incubation at 38°C. Mean counts for each sample represent the mean values obtained from the three tubes showing the greatest number of CFU in each replicate set. Replicate sets with between 30 and 300 colonies per tube were counted. This procedure provided a standard method for eliminating the great variability observed when tubes which were inadvertently oxidized were used to calculate the mean count. Percentages of monensin-resistant organisms were determined by dividing the mean counts obtained on the monensin-supplemented medium by the mean counts obtained on the similar antibiotic-free medium and multiplying by 100.
VFA analysis. An undiluted subsample of each rumen fluid sample was thawed and subjected to VFA analysis on a Varian model 2100 gas chromatograph equipped with a flame ionization detector (Varian Instrument Division, Palo Alto, Calif.) by using a modification of the methods described by Erwin et al. (8) The mean total VFA concentration in the rumens of control calves decreased during the adjustment period and the early part of the treatment period (Fig. 1) . Decreases in acid concentrations during these periods apparently reflected natural variations in the rumens, since these animals were not subject to changes in diet. Total VFA concentrations were not found to be different (P > 0.10) in the two treatment groups during the adjustment period. The mean total VFA concentrations in monensin-fed animals were found to be greater (P < 0.10) than those in the control animals during the entire treatment period. However, VFA concentrations in monensin-fed animals were not sigificantly greater (P > 0.10) during the posttreatment period and returned to values comparable to those in the control animals within 10 days after monensin was removed from the diet. Increases in ruminal VFA concentrations have been reported in cattle fed low levels of monensin in concentrate rations (17) , whereas other studies have shown that total VFA concentra- tions are not affected by monensin supplementation (7).
The mean pH value for the rumens of animals on the control diet was 6.4 during the treatment period. The mean pH values for the rumens of monensin-fed animals were not significantly different but were consistently 0.1 to 0.3 units lower than that in the control animals during the treatment period.
The ratios of acetate concentration to propionate concentration were also found to be variable in animals fed the unmedicated diet and tended to increase from a mean value of 2.50 during the adjustment period to a mean value of 4.50 at the end of the posttreatment period (Fig.  2) . However, acetate/propionate ratios were significantly lower (P < 0.10) in the monensin-fed animals during sampling periods within the treatment period. The ratios in the monensin treatment group returned to values similar to those in the control group within 10 days after monensin was removed from the diet. Both in vitro and in vivo studies have shown that propionate concentrations are increased, whereas acetate and butyrate concentrations are decreased, in the rumens of monensin-fed cattle (7, (12) (13) (14) (15) (16) 18) . Many investigators have used the ratio of acetate concentration to propionate concentration as an indicator of the effects of monensin on ruminal fermentations (7, 16) . In our study, decreased acetate/propionate ratios in monensin-fed animals were only observed during the treatment period. Our data suggest that both increased VFA concentrations and decreased acetate/propionate ratios were directly associated with monensin supplementation.
Monensin-resistant bacteria. The mean total viable count in the rumens of calves in both treatment groups ranged from 7.1 x 108 to 7.1 x 109 CFU/g of rumen ingesta during this study.
The mean total counts varied greatly from one sampling period to the next but were not found to be significantly altered (P > 0.10) by monensin supplementation. This observation is consistent with those of other researchers (7), who have reported that monensin has no significant effects on the total bacterial concentration in the rumen.
The proportions of the microbial population that grew on media contianing 2.5, 5.0, and 10.0 ,ug of monensin per ml were examined in two preliminary experiments with steers fed unmedicated diets. The mean percentages of the ruminal populations recovered on these media were 53, 47, and 46%, respectively, and were not found to be significantly different. A monensin concentration of 10.0 p,g/ml was selected to enumerate resistant bacteria in the subsequent studies.
The mean percentage of the bacterial population resistant to 10 p.g of monensin per ml in samples taken during the adjustment period was 51% in the control group and 56% in the monensin treatment group. During this period, percentages ranged from 42 to 63% for individual animals and were not significantly different (P > 0.10) between the two treatment groups. These data suggest a similar distribution of resistant organisms in the two treatment groups before the initiation of dietary treatments. There was considerable temporal variation in the proportions of bacteria from control animals in monensin-fed animals during the course of our study. Treatment differences in monensin resistance were not correlated with differences in total VFA concentrations or the characteristic differences in acetate/propionate ratios. Significant treatment differences in resistance were not measured immediately after monensin was included in the diet and were present for more than 18 days after monensin was removed from the diet. In contrast, differences in acetate/propionate ratios and total VFA production were only noted during the period when monensin was included in the diet. Our data suggest that the metabolic changes that occur in the rumen are not associated with increased proportions of monensin-resistant bacteria and that increased monensin resistance may not be reflected in ruminal fermentation patterns. These observations do not fit with the selection model developed from in vitro studies of rumen bacteria (4, 9) and suggest that the selection of monensinresistant microbial groups within the rumen cannot completely account for changes in ruminal fermentations or the growth-promoting activity of these antibiotics.
